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CLAIMS 



[Claim(s)] 

[Claim 1] The step which tums a light beam to the holographic storage containing the image of at least 1- 
page data, and projects an image on a detector, The step which carries out the monitor of the quality of 
projection of the page indicator image memorized by said storage as the quality of the image projected 
showed the quality of the data page image with which it corresponds on said detector. The step which 
changes the parameter of the system used for making said data page and said page indicator memorize to 
said storage, [ whether based on the quality of the projection of a page indicator image by which a monitor 
is carried out, said parameter is further changed at said step which carries out a monitor, and ] Or the 
approach of reading data by the holographic storage system characterized by consisting of a step which 
reads data in said data page projected on said detector, without changing said parameter. 
[Claim 2] The quality of said projection of a page indicator image by which a monitor is carried out is the 
approach of claim 1 characterized by being the reinforcement of projection of a page indicator image. 
[Claim 3] The step which reads said data is the approach of claim 1 characterized by performing based on 
detection of the threshold quality of the projected page indicator image. 

[Claim 4] The step which reads said data is the approach of claim 1 characterized by performing based on 
detection of the near peak of the projected page indicator image. 

[Claim 5] For the sensor array of said detector, said step which carries out a monitor is the approach of 
claim 1 characterized by performing by at least one different sensor. 

[Claim 6] It is the approach of claim 5 which said data page is recorded on said storage as a certain 
conversion, piles up said page indicator substantially on said data page, is recorded, and is characterized by 
said step which carries out a monitor carrying out the monitor of the projection of said page indicator in the 
field of said conversion. 

[Claim 7] It is the approach of claim 1 characterized by for said detector being an active pixel sensor array, 
and performing said step which carries out a monitor by at least one sensor component in a field with said 
sensor array. 

[Claim 8] Said step which carries out a monitor is the approach of claim 5 chOTacterized by the circuit 
arranged at the semiconductor chip containing said active pixel sensor array performing. 
[Claim 9] Said step to change is the approach of claim 1 characterized by changing the system parameter 
selectively based on the page indicator image quality by which the monitor was carried out at least. 
[Claim 10] The page identification information remembered to be projected on said detector by said storage 
when said page indicator was projected on said detector The step read in said image projected based on the 
quality in which the image of said page indicator was detected, The approach of claim 1 characterized by 
having fiirther the step on which only a certain relative amount changes a system parameter further, and 
projects a desired data page when the data page by which current projection is carried out based on the read 
page identification information is not a desired data page. 

[Claim 11] Said page identification information is the approach of claim 10 characterized by being projected 
so that the step which reads said page identification information can perform without pixel aim doubling. 
[Claim 12] It is based on the step which detects a pixel aim doubling key, and the location where said pixel 
aim doubling key was detected. So that the data image projected on said detector so that the pixel of the 
projected data page image might be mostly adjusted with the sensor component of said detector may be 
moved relatively The approach of claim 1 characterized by having fiirther the step to which either [ at least ] 
the projected data page image or the detectors are moved. 

[Claim 13] The step which tums a light beam to the holographic storage containing the data page image of 
at least 1 page, and at least one pixel aim doubling key image corresponding to this data page image, and 
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projects an image on a detector. It is based on the step which detects the pixel aim doubling key of the 
projected image, and the location where said pixel aim doubling key was detected. So that the data image 
projected on said detector so that the pixel of the projected data page image might be mostly adjusted with 
the sensor component of said detector may be moved relatively How to use it, in case data are read by the 
holographic storage system characterized by having the step to which either [ at least ] the projected data 
page image or the detectors are moved. 

[Claim 14] claim 12 characterized by said step to which it is made to move moving relatively the data image 
projected on said detector so that the data with which said data page was projected, and the substantial 
nearest sensor component of said detector may be adjusted mostly, or 13 — one of approaches. 
[Claim 15] claim 12 characterized by having further the step which measures the difference of the detected 
pixel aim doubling key position and the location where a pixel aim doubling key image is expected, and 
performing said step to which it is made to move based on the difference measured at the this measured step, 
or 13 — one of approaches. 

[Claim 16] claim 12 characterized by to have further the step which judges the near center position of the 
projected pixel aim doubling key position based on the detected pixel aim doubling key position, and to 
perform said step to which it is made to move based on the difference of the near center position judged at 
the this judged step, and the pixel aim doubling key center position expected, or 13 ~ one of approaches. 
[Claim 17] The light source which emits a light beam towards the holographic storage which has the page 
indicator memorized by said storage as the quality of the image projected indicated the quality of the data 
page image with which it corresponds on said detector to be a detector and at least 1-page data, The page 
indicator sensor which detects the quality of the image with which said page indicator was projected, 
Connect with said page indicator sensor and the monitor of the quality of the page indicator image detected 
by said sensor is carried out. Data storage characterized by consisting of a controller which reads data in the 
data page projected on said detector, without changing the parameter of a system or changing this parameter 
based on tiie quality which carried out the monitor. 

[Claim 18] Said detector is an active pixel sensor array, and claim 17 characterized by being at least one 
sensor component in a field with said array equips said page indicator sensor. 

[Claim 19] Claim 18 characterized by consisting of a circuit arranged at the semiconductor chip containing 
said active pixel sensor array equips said controller, 

[Claim 20] Equipment of claim 17 characterized by having further the page discernment sensor which is 
connected to said controller and reads the page discernment data information in the projected image. 
[Claim 21] Said detector is an active pixel sensor array, and claim 20 characterized by consisting of two or 
more sensor components of a field with the sensor array of said detector equips said page discernment 
sensor. 

[Claim 22] At least one pixel aim doubling sensor which is connected to said controller and detects the pixel 
aim doubling key of the projected image. It has further at least one driver connected to said detector. Said 
controller Equipment of claim 17 characterized by moving said detector relatively to the projected data page 
image so that the pixel of the projected data page image may be mostly adjusted with the sensor component 
to which said detector corresponds based on the location where said pixel aim doubling key was detected. 
[Claim 23] The detector which has two or more sensor components, and at least 1-page data page image. 
The light source which emits a light beam towards the holographic storage which has the corresponding 
pixel aim doubling key image remembered to be projected when this data page image is projected on said 
detector by said storage, At least one pixel aim doubling sensor which detects the pixel aim doubling key of 
the projected image. So that the pixel of the projected data page image may be mostly adjusted with the 
sensor component of said detector based on the location where it connected with said detector and the 
projected pixel aim doubling key image was detected Data storage characterized by consisting of at least one 
driver to which said detector is relatively moved to the projected data page image. 

[Claim 24] claim 22 which said detector is an active pixel sensor array, and is characterized by said pixel 
aim doubling sensor consisting of two or more sensor components of a field with the sensor array of said 
detector, or 23 — one of equipments. 

[Claim 25] The holographic storage manufactured according to the process which consists of the 1st record 
step which records a 1-page data page on a storage, and the 2nd record step which records a page indicator 
image on said record medium as being projected when being projected while reproducing said data page. 
[Claim 26] Said 1st and 2nd record steps are the storages of claim 25 characterized by performing as a 
single record step. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a holographic data storage system. 
[0002] 

[Description of the Prior Art] According to the report of a researcher, a holographic storage system can 
search the data of a large quantity at a high speed comparatively compared with a magnetic-disk storage 
system or a compact disk read-only memory (CD-ROM) conventionally. Data are memorized by 
holographic memory as a hologram generally formed in a photosensitive storage. A hologram expresses data 
as a pattern of change of the refractive index of a storage, an absorption coefficient, degree of polarization, 
or a reflection factor. ^ 
[0003] A hologram pattern is formed by making two light beams (beam of light) cross in a field with a 
storage generally. These two light beams are called a signal beam (signal light) and a reference beam 
(reference beam). Signal light is formed in many cases by making a space optical modulator (SLM (spatial 
light modulator)) like a liquid crystal display (LCD (liquid crystal display)) screen penetrate a laser beam. A 
LCD screen contains the pattern of the transparence field corresponding to two-dimensional **** of the 
digital data which should be made to memorize, and an opacity domain. The laser beam signal emitted from 
a LCD screen is relayed by the lens, and generates a signal beam. 

[0004] In the system which uses the Bragg selectivity as a means to record a hologram, a reference beam is 
a coUimated light beam which has a specific property like an angle of incidence over specific wavelength or 
a specific storage. In such a system, the data recorded can be read by irradiating a storage by the reference 
beam used for recording a hologram pattem, and the coUimated light beam which has the same property (it 
reproduces). A storage generates the projection image of original data representation by causing refraction 
of a playback reference beam, absorption, or polarization on a photodetection array like a charge-coupled 
device (CCD (charged-coupled device)). 

[0005] A typical CCD array contains the array of a detector element (sensor component) which operates by 
detecting simultaneously the light-and-darkness pattem of the projected data image. Here, although the 
amount of light is simultaneously detected by each sensor component of a CCD array, the electrical signal 
showing each light detected can be read only to a target one by one for every line or train. Then, these 
electrical signals are used by processing system like a computer system. Generally digital holographic 
memory is indicated by D.Psaltis and F.Mok, "Holographic Memories", Scientific American, and pp.70-76 
(November, 1995). 

[0006] Comparatively high information density is attained by the holographic memory system by recording 
the page on which data follow the common field of a holographic storage. Record of such a page that is 
different from each other can be attained by using the Bragg selectivity, in order to distinguish the page 
recorded continuously (for example, thing for which the incident angle or wavelength of a reference beam is 
changed). 
[0007] 

[Problem(s) to be Solved by the Invention] Nevertheless, now, the commercial application of the 
holographic memory system for a data storage and ejection is not available. In case the recorded data page is 
read from a storage, the specific system characteristic used in order to memorize a data page must be mostly 
reproduced by accxiracy, in order to project a data page image on a photodetector array. It depends on the 
thickness of a storage for the precision required of the reference beam for read-out in the system which uses 
the Bragg selectivity in order to record two or more data pages. Such a high precision is required that a 
medium is thick. For example, when the angle of a reference beam shifts [ the thickness of a storage ] by 
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1cm in 0.001 degrees, i.e., about 2x10 to 5 rad, the data page projected may disappear substantially. 
[0008] During playback, optical turbulence sometimes fluctuates [ the thermal effect of thermal expansion 
or others, and mechanical-related / between holographic system components / physical and ] a system 
characteristic from what was used for record from the first. Such fluctuation will block distinction of read- 
out between data pages. The conventional system has not established the effective compensation over such 
fluctuation. Furthermore, especially in case such fluctuation moves a storage between holographic systems 
like a regeneration system from a record system, it poses a problem. 

[0009] Furthermore, the system reported until now does not offer the technique of compensating the 

mismatching of Hazama of a photodetector array sensor component and the projection pixel image of a data 

page image. If there is not such adjustment or pixel aim doubling, the projection pixel of a data page will 

overlap the adjoining sensor component. Such overlap makes read-out of data very difficult. 

[0010] As a result, the high speed and the technique which accesses efficiently and is read are needed for the 

data page in the holographic system. 

[0011] 

[Means for Solving the Problem] This invention makes easy access to the information on the memorized 
data page based on the activity of the new feedback in a holographic memory system, feedback of this 
invention can be set in the relation between the system components which make projection of a data page 
image deteriorate — thermal, optical, or mechanical fluctuation can be compensated. A data page is- 
dimensional [ 1 ] or the two-dimensional coding expression which consists of at least 1-bit data bit 
composed by the matrix format etc. 

[0012] the inside of the data page to which this invention corresponds — or the page indicator (mark) which 
approaches a data page and is stored in a storage is used. A page indicator is stored as the image quality (for 
example, reinforcement or sharpness) of the page indicator projected during playback shows the image 
quality of the projection data page to which it corresponds on a detector. And while changing the parameter 
of a system during playback, the monitor of the image quality of the page indicator projected is carried out. 
This system parameter to change is a parameter used from the first, in order to record and multiplex a data 
page and a page indicator to a storage. For example, when recording a data page and a page indicator using 
the Bragg selectivity, the system parameter (for example, an incident angle or wavelength) which controls a 
reference beam property is changed. In that case, based on the image quality to which the monitor of the 
page indicator projected is carried out, a parameter is changed further or a parameter reads the 
corresponding data from a data page projected on a detector, without making it change. 
[0013] Since the image of a page indicator and a data page is memorized so that the image quality which is 
the data page to which the image quality of the page indicator projected corresponds, and which is projected 
may be shown, detection of the image quality of the page indicator projected can be used as feedback which 
shows the time of a data page image being projected on a detector by sufficient signal-noise ratio reading 
data. Furthermore, since this feedback is based on the projection image, it becomes possible [ the thing in 
the relation of Hazama of system components or a storage who makes projection of the data page on a 
detector deteriorate for which thermal, optical, or mechanical fluctuation is compensated efficiently ]. 
[0014] having detected sufficient image quality of the page indicator projected - being based ~ the inside of 
a data page image ~ or page identification information like the page number projected on a data page by 
approaching is detectable. Such page identification information serves as feedback for the projected data 
page to identify whether it is a desired data page, when a storage contains two or more data pages. When the 
projected page is not a desired page, a system characteristic is changed further and a desired data page is 
made to project. 

[0015] Pixel aim doubling of Hazama of a sensor component and the data pixel in a data page image is also 
attained using the same feedback technique. For example, at least one aim doubling key pattem is recorded 
on the known location close to the inside of the data page of a storage, or a data page. Detection of this aim 
doubling key is usable in order to determine the movement magnitude of the revolution of a sensor 
component and advancing side by side to the projected data page image required in order to attain pixel aim 
doubling. Such a decision can be made based on the relative difference of the location of a key and sense 
which are projected, and the location where projection of a key is expected and the sense, for example. 
[0016] Although it is also possible to use a separate thing for the detector which carries out the monitor of 
the page identifier and reads identification information, and the CCD form array sensor for reading a data 
page, it is useful to use a single CMOS active pixel sensor (APS (active pixel sensor)) for these sensors. An 
APS array needs only low power, but can be manufactured comparatively cheaply, and offers the discrete 
address possible sensor component which can read a sensor per group individually. Such an array is 
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expensive and offers extensive amelioration according to an individual compared with the conventional 
CCD array v/hich is not possible for the address. Moreover, the APS array is usable in order that the field 
according to individual of an APS array may detect a page indicator, page identification information, and a 
pixel aim doubling key image, without using a separate sensor since it has the sensor component in which a 
discrete address is possible. More generally than the case of the conventional CCD array, detection by such 
APS can be performed at a high speed. 
[0017] 

[Embodiment of the Invention] This invention makes easy high-speed access to the information on the 
memorized data page based on the activity of the new feedback in a holographic memory system. A data 
page is-dimensional [ 1 ] or the two-dimensional coding expression which consists of a digital data bit 
composed by the matrix format etc. the feedback technique of this invention can be set in the relation 
between the system components which reduce during playback the image quality of the data page image 
projected on a detector, and make a bit error rate (BER) increase ~ thermal, optical, or mechanical 
fluctuation is compensated. 

[0018] the inside of the data page image with which this invention corresponds — or the page indicator 
(mark) which approaches a data page image and is stored in a holographic storage is used. A page indicator 
is stored as the image quality (for example, reinforcement or sharpness) of the page indicator projected 
during playback shows the image quality of the data page to which it corresponds on a detector and which is 
projected. And when it is shown that the projection data page to which the monitor of the image quality of 
the page indicator projected during playback is carried out, and the image quality by which the monitor was 
carried out corresponds is projected by sufficient signal-noise ratio (SNR) for reading, a data page is read by 
the sensor component of a detector. 

[0019] The judgment of whether there is sufficient SNR required of reading a projection data page may be 
based on the sample measurement for every type of the components of a detector, a storage, the light source, 
or its alien system depending on the type of a sensor or a storage, and the property of the alien system. 
Furthermore, each image quality by which a monitor is carried out to the projection page indicator in which 
it is shown that there is sufficient SNR to a projection data page may also be based on the type of a sensor 
and a storage, and the property of the alien system, and the scale of the reinforcement or the brightness of a 
projection image, or sharpness is included in this. Such an image quality scale may be based on the above- 
mentioned sample measured value or other sample measured value. Moreover, SNR of a projection image is 
based also on relative adjustment (alignment) of the storage to other components of a holographic memory 
system, and the system characteristic used for multiplexing and recording an image. 
[0020] Thus, according to this invention, while the system parameter used for recording a data page and a 
page indicator on a storage during playback (multiplexing) from the first may be changed, the monitor of the 
image quality of a projection page indicator is carried out. When the image quality which shows that the 
corresponding data page is projected, sufficient image quality, i.e., SNR, is detected, a corresponding data 
page image is read by the detector, and alien-system components are provided with corresponding reading 
data for processing. Thus, this invention shows the time of the corresponding data page image fully being 
projected on the sensor component reading the data contained in it based on the monitoring of the image 
quality of the page indicator projected. This technique offers possibility between the system components 
which make the image quality of the data page image projected deteriorate of compensating thermal, optical, 
or mechanical fluctuation efficiently. 

[0021] Since this invention is based on detection of the page indicator image corresponding to the data page 
image projected, it is not essential in carrying out this invention what kind of approach is chosen as reading 
a data page. Hereafter, this invention is explained about the example of the holographic memory system 1 of 
drawing 1 . The parameter of Bragg selectivity relation like the parameter which controls reference beam 
wavelength or an angle of incidence for record of a data page and playback is used for this system. 
However, other system parameter and other record techniques are usable according to this invention. For 
example, it is also possible to record a data page using other Bragg selectivity techniques which are between 
page exposure and are referred to as to shift a record medium to a signal and a reference beam. 
[0022] Moreover, a data page and a page indicator can also be recorded with the same technique called the 
"shift holography" which piles up selectively the hologram which is between page exposure and is generated 
by shifting a record medium to a signal and a reference beam. Shift holography is indicated by "1995 OS A 
Conf.on Optical Computing", OS A Technical Digest Series, vol.10, and pp.2 19-221 (1995) at the detail. The 
system parameter used for record in such a system can be considered as the relative position of the reference 
beam which carries out incidence to a storage. As another storage technique, the activity of a comparatively 
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thin (for example, typically 1mm or less) record medium is enabled, there is phase correlation multiplexing 
holography (PCMH (Phase Correlation Multiplexing Holography)) to attain the recording density of order 
higher than shift holography, and this is indicated by the United States patent application 08th / No. 
435,705. PCMH uses the relative position of a storage and a light beam instead of a bragg angle as a system 
parameter for distinguishing a continuous record page. 

[0023] In a system 1, the input light beam 5 (general at least selectively plane wave) is used as a reference 
beam. It reflects in a mirror 9 and 4F image formation of this reference beam 5 is carried out on the 
holographic storage 25 with lenses 10 and 25. A storage can be considered as the ingredient presentation 
suitable for optical information storage, such as LiNb03 which doped iron. Lenses 10 and 20 are put on 4F 
arrangement, and generate a corresponding reference beam image on a medium 25. The scale factor of a 
beam image is determined by the focal distance of lenses 10 and 20. 

[0024] The 2nd input beam 30 is modulated by the space optical modulator (SLM (spatial light modulator)) 
35. SLM35 can be considered as the LCD screen containing-dimensional [ 1 ] or the two-dimensional 
pattem of the transparence showing the digital data page 37 of the information which should be memorized, 
and an opaque field. Furthermore, SLM35 also contains the page indicator 39 (it is related with drawing 2 
and drawing 3 for details, and is the after-mentioned) used according to this invention. Although the image 
of the page indicator 39 is illustrated on the outside of the data page image 37, according to this invention, it 
overlaps and the page indicator 39 can also be arranged [ the interior of the data page image 37, or ] so that I 
may be understood easily. 

[0025] The lightwave signal emitted from SLM35 is relayed by lenses 40, 45, and 50, and generates the 
signal beam 55 which carries out incidence to a medium 25. Corresponding to this, the set of the lens which 
consists of lenses 60, 65, and 70 relays the corresponding data page image from projection 75 to up to a 
detector 80. A detector 80 has two or more sensor components 81 which read the data of the data page 
image projected, and the page indicator sensor 83 which detects a corresponding page indicator image. 
Furthermore, the sensor component 81 can be arranged in the shape of [ as shown in drawing 3 ] an array. 
[0026] In order to record the data page image which is different from each other in a storage 25, it is 
possible to record such an image by include-angle multiplexing. According to such a record technique, each 
data page image is recordable using the reference beam of the angle of incidence which is different from 
each other to a storage 25. For example, a mirror 9 can be rotated and a desired incident angle can be 
generated to each page image. Or the reference beam of a desired angle of incidence is also generable using 
an acoustooptical cell (it mentions later for details). 

[0027] Each lens set which consists of the lens set and lenses 60, 65, and 70 which consist of lenses 40, 45, 
and 50 is put on 4F arrangement. Thus, while the Fourier transform of the image of a data page and a page 
indicator is recorded on a medium 25 as a hologram, it is reconfigurated by the detector 80 and projected on 
it. 4F arrangement needs specific focal distance spacing. For example, spacing of the data pattem screen 
(SLM) 35 and a lens 40 is equal to the focal distance of a lens 40, spacing of a lens 70 and a detector 80 is 
equal to the focal distance of a lens 70, and spacing between the corresponding lenses of a lens pair (45, 50, 
and 60 and 65) is the sum of the focal distance of each lens of a lens pair. 

[0028] By the activity of the Fourier transform, the detection and correction of an error in reading of the 
information from a data page become easy. However, such conversion is not essential to operation of this 
invention. The Fourier transform in a medium 25 is replaced on the two-dimensional data page generated by 
SLM35 by omitting one lens from the lens sets 40, 45, and 50. In such a configuration, a data page is 
correctly reconfigurated in a detector 80 by omitting one lens which corresponds from the lens sets 60, 65, 
and 70. According to this invention, a data page image can be memorized as the image surface where- 
dimensional [ 1 ] or the two-dimensional data array in a medium 25, the Fourier transform image surface, or 
other [ all or a part of] were changed, as long as a desired data page format is projected on a detector 80. 
[0029] By changing at least one system parameter to recording each page, it is possible to record two or 
more data pages on each medium. In order to record each data page in the case of the Bragg selectivity, it is 
possible to use system-parameter setting out which generates the reference beam wavelength or the incident 
angle which is different from each other and which is different from each other. When a storage 25 is order 
with a thickness of 1cm and reference beam wavelength is about 500nm as an example, two or more data 
pages can be recorded on a storage 25 by opening sync-null spacing (phase matching spacing) which is five 
pieces. This spacing responds to using reference beam wavelength different only about 0.25nm between the 
data pages recorded, or the reference beam incident angle from which only about ten to 4 rad differs 
between record data pages. 

[0030] There are some which use the conventional acoustooptical cell as an example of the technique of 
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changing the incident angle for record. Generally such a eel can attain about 1 -degree include-angle shift by 
the time amount of the order for about 10 microseconds. However, this include angle can be made for there 
to be no time delay of the addition for multiplication being optically carried out so that change to about 10 
degrees may be offered, and attaining such change in that case. Furthermore, in PCMH, it is possible by 
using a different thing as a relative position of a phase mask and a storage 25 to record each page. It is 
possible to record each data page in the PCMH system of an example by using the distance of 10- 
micrometer order between data pages as a difference of such a relative position. 

[0031] During playback, i.e., read-out, the reference beam 5 is usable in order to project a data page image 
on a detector 80. In this way, according to this invention, playback dedicated system can be manufactured 
from the system 1 of drawing 1 by omitting SLM35, lenses 40, 45, and 50, and an incident beam 30. 
System-parameter setting out used during playback in order to generate the image of a desired data page 
from a medium 25, and to record the data page must be reproduced to accuracy. For example, generally in 
the system using the Bragg selectivity, the data page image not more than 0.01% or it projected even if it 
reappears by fluctuation of order may disappear a Bragg selectivity parameter like reference beam 
wavelength. Furthermore, the rendering of an exact system parameter has that achievement is [ much ] 
difficult, and receives an adverse effect by thermal, optical, or the mechanical fluctuation and the optical 
fluctuation in a storage 25 in the relation between system components. 

[0032] However, a system 1 can show the time of having SNR for reading by the detector 80 with sufficient 
corresponding projection of a data page during playback based on feedback by detecting the quality of 
projection of the page indicator 39. thus, since the system 1 is based on this feedback, it can be set to a 
system with causing [ much ] degradation (lowering) of SNR of the data page projected on a detector 80 — 
thermal, optical, or mechanical fluctuation can be compensated efficiently. 

[0033] According to one example of this invention, it is made to change within limits which are in 
agreement with the range which used the system parameter used for recording the image of a data page and 
a page indicator on a storage from the first for memorizing each data page. In this way, when two or more 
data pages are recorded over the range of 10 degrees, it is used while reproducing the same range of 10 
degrees. During playback, when in agreement with the include angle used for record including mechanical 
fluctuation, as a reference beam incident angle's being thermal and optical or the images 1 10 and 120 of a 
corresponding page indicator and a data page show drawing 3 (it mentions later for details), respectively, it 
is projected at the page indicator sensor 83 and the sensor array 8 1 . The page indicator sensor 83 generates 
the signal based on the quality of the projected page indicator image 110. 

[0034] As an example, the output signal 200 with which the page indicator sensor 83 was normalized is 
shown in drawing 2 . A signal 200 is generated during fluctuation of the reference beam incident angle over 
the storage 25 of an example. In drawing 2 , the sensor 83 has detected the quality of the reinforcement 
(brightness) of an indicator image. Moreover, in drawing 2 , bright lighting is produced near [ peak 205 ] the 
signal 200 on the relative target of a sensor 83. This corresponds to 22 degrees of reference beam incident 
angles, 24 degrees, and 26 degrees. It corresponds to the reference beam incident angle used for these 
include angles recording each data page image and a corresponding page indicator on the storage 25 of 
drawing 1 . 

[0035] The reinforcement to which the page indicator image with which it will irradiate the page indicator 
sensor 83 if a system chemges a reference beam angle of incidence from one of the include angle of 22 
degrees, 24 degrees, and 26 degrees corresponds falls. Lowering of such reinforcement causes the same 
lowering of the magnitude of a signal 200, as shown in the signal in the field 210 of drawing 2 . Lowering of. 
the reinforcement of the page indicator image projected is continued, while changing a reference beam 
incident angle further until the data page image projected so that it may be shown by the field 220 of the 
page indicator sensor signal 200 disappears mostly. 

[0036] By detecting when whenever [ enhancement / of a page indicator ] exceeds a threshold, it is possible 
to identify the time of a data page image being projected by sufficient SNR for reading by the sensor 
component 81 . By drawing 3 , a broken line 230 shows an instantiation-threshold. In this way, a data page 
image can be projected on the sensor component 81 of drawing 1 as follows. 

(1) Fluctuate a reference beam angle of incidence within the limits of the specification to a desired data 
page. 

(2) Generation of the larger page indicator sensor output signal 200 than a threshold 230 reads data from the 
projected corresponding data page image by the sensor component 81. 

[0037] At the regeneration system of the example by this invention based on the Bragg selectivity, a 
reference beam incident angle is crossed to the range (for example, 10-degree order) used for record, is 
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changed gradually or almost continuously, and detects the reinforcement of the page indicator projected 
between them by the frequency of about 1000 order/second. In a system which uses a gradual include-angle 
change, a step size can be referred to as ten to 5 rad, and this can attain it by the conventional acoustooptical 
cell. Furthermore, the page indicator brightness projected in such a system is each step, is a series of number 
steps, or can carry out a monitor intermittently dxiring change of a reference beam angle. 
[0038] Furthermore, it is possible to carry out the monitor of the signal peak of image quality, and to judge 
the time of having SNR for reading by the sensor component 81 with sufficient data page projection. 
Moreover, the page indicator of image quality very high irrespective of whether a threshold, a peak 
detection scale, etc. are exceeded is able to use a signal 200 as a foundation for changing a playback system 
parameter, and to be projected on a sensor 83. 

[0039] It is possible to combine with the page indicator sensor 83 and the sensor array 81 in the system 1 of 
drawing 1 using a separate sensor. For example, it is possible to use the conventional CCD sensor array for 
the data page indicator sensor array 81, and to use the conventional photodetector for the page indicator 
sensor 83. The page indicator sensor 83 can also have [ also having a larger detection field than the field 
where a page indicator image corresponds, or ] a small detection field. However, it is advantageous if the 
mismatching of Hazama of projection and a detector 80 is compensated using the sensor which has a large 
detection field. In order to read the data page 120, such a big sensor 83 is more effective also in performing 
detection of the page indicator image 1 10 by low SNR rather than being used for the sensor component 130. 
[0040] Moreover, if the page indicator image 1 10 is made larger than the data pixel in the data page image 
120 and the corresponding sensor component 130, it is effective. The page indicator image 1 10 can be 
enlarged by 10 to 100 times as many order as this. Since the light of a large quantity will be projected on a 
sensor 83 so that the page indicator image 1 10 is enlarged, a sensor 83 can offer the feedback which detects 
light at a high speed and corresponds to it more. 

[0041] Moreover, it is also possible to use the single large sensor array which has the field in which the 
address is possible according to an individual for the page indicator sensor 83 and the data page sensor array 
8 1 . Without needing to read the whole array of a component so that it may be required by the CCD array, it 
activates according to an individual and the sensor field in which the address is possible according to an 
individual can offer an output signal. In this case, the field which consists of at least one discrete address 
possible sensor component can be used for the page indicator sensor 83, and another field which has two or 
more discrete address possible sensor components can be used for the data page sensor array 81. 
[0042] In the another example, the adjustment over a system can be indicated to be the relative position of a 
storage 25 corresponding to it using a page indicator image. You make it almost pile up each other's page 
indicator image on the Fourier transform of for example, a data page image, and it can be stored in a storage 
25. Thus, the projection to which the Fourier transform of the storage 25 which passes along odd lenses of 
4F arrangement corresponds serves as a restored data page image, and, on the other hand, almost 
simultaneous projection of the image which passes along even lenses of 4F arrangement serves as an image 
of the restored adjustment page indicator. 

[0043] The image of these data pages and an adjustment page indicator is mutually separable optically using 
a beam splitter (for example, semitransparent mirror). In order to read a data page image by the beam 
splitter, while it arranges such a beam splitter after odd lenses, and reflecting a part of energy of the image 
projected in the sensor array of a detector 80, the remaining part of the energy of the image projected can 
make odd lenses different from a beam splitter able to penetrate, and can be sent to the page indicator sensor 
83 for storage adjustment detection. 

[0044] Thus, by using it for adjustment of a page indicator, direct measurement of the relative position of a 
storage 25 can be performed. In this way, in the system which uses the multiplexing system parameter 
corresponding to a relative shift of Hazama of a storage 25 and a reference beam 5, for example in order to 
record a data page image, the above-mentioned measurement technique can detect the relative position of a 
storage 25 during playback, and can realize access to a desired data page based on a relative shift. 
Furthermore, according to such a measurement technique, playback adjustment is improved and it is also 
possible to correspond, to improve SNR and to attain high diffraction efficiency. 

[0045] Thus, while the relative position of a storage 25 is shown using a page indicator, measurement of 
other quality like the reinforcement of the image projected can also be performed. For measurement of the 
relative position of a storage 25, a page indicator image must be detected by the sensor 83 in respect of the 
conversion to which a corresponding data page image is recorded on a storage 25 so that I may be 
understood easily. However, it is possible to detect a page indicator in measurement of other quality like 
projection reinforcement in a conversion side or the field of the data page image in which reading by the 
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detector 80 is possible. 

[0046] As a single large sensor array advantageous to using it as a detector 80, there is an active pixel sensor 
(APS (active pixel sensor)) array (for example, CMOS APS array). CMOS An APS array has the sensor 
component or field in which a discrete address is possible, and generates the electrical signal corresponding 
to the detected luminous intensity. Being able to manufacture an APS array by low cost, generally power 
consumption demonstrates the engine performance higher than a CCD array at a room temperature low (for 
example, 1% of the power generally consumed by the equivalent CCD sensor array). Moreover, since the 
CMOS circuit which processes the electrical signal generated with APS can be arranged on the same CMOS 
chip as an APS array, it can constitute a compact detector. Furthermore, since an APS array has the sensor 
field or component in which a discrete address is possible, it can read each part of a projection data page to a 
high speed considerably rather than the case of CCD which must read all data pages. Moreover, CMOS By 
the activity of an APS sensor, since it is possible to perform detection of a page indicator at a rate high 
enough called per second 5000 sample, it becomes access of data, and acquirable by the time amount of the 
order in the case of being the conventional magnetic storage. 

[0047] CMOS with which a detection field has the sensor component of the order firom 
5micrometerx5micrometer to 200micrometerx200micrometer in current It is possible to manufacture an 
APS detector. Furthermore, CMOS Sufficient thing for which it has the sensor component of 106 order to 
read the data page which has the information to about 1 Mbit is possible for an APS detector. CMOS The 
APS detector is indicated by A.Dickinson et al., "Standard CMOS Active Pixel Image Sensors for 
Multimedia Applications", Sixteenth Conference on Advanced Research in VLSI, and pp.2 14-224 (Chapel 
Hill, N.Carolina, March 27-29, 1995) at the detail. 

[0048] CMOS of an example The fi-ont face of the APS array detector 80 is shown in drawing 3 . This 
includes the array of the discrete address possible sensor component 130, or the field of the sensor 
component 130. In drawing 3 , the sensor elements which consist of at least one sensor component 130 act 
as a page indicator sensor 83 of drawing 1 , and are shown in the corresponding broken-line profile. 
Similarly, the sensor elements which consist of another sensor component 130 act as a data page sensor 
eirray 81 of drawing 1 , and are contained in the corresponding broken-line profile. The page indicator image 
110 and the corresponding data page image 120 are shown are projected on each sensor component 130 
group. It is desirable to compensate the mismatching which is possible by pixel aim doubling by using wrap 
sensor component 130 group or a single, comparatively large sensor in a larger field than the page indicator 
image 110 corresponding to the page indicator sensor 83. For example, generally the wrap page indicator 
image 1 10 is [ the field of the sensor component of 20x20 ] detectable using sensor component 130 group of 
30x30. Moreover, in order to read the data page 120, such a large sensor 83 can perform detection of the 
page indicator image 1 10 by low SNR rather than being used for the sensor component 130. 
[0049] The sensor group of the option in the broken-line profile 140 detects the image of the page 
identification information 145 (for example, page number) about the corresponding projection data page 
120. This page identification information is multiplexed like the data page and page indicator information 
that it corresponds, is memorized, and when the image of a page indicator and a data page is projected, it 
can be detected. When it follows, for example, the page indicator 1 10 of reinforcement higher than a 
threshold level is detected, page identification information can change the system parameter for 
multiplexing based on the detected page identification information 145 according to it, when the possible 
and projected data page image is not a desired data page before reading the data page 120. For example, a 
desired data page is identified as the page number 4, and when the projected data page is the page number 2, 
a near change required of the system parameter for multiplexing is determined that the image of the data 
page 4 is projected. Or it is also possible to change a reference beam incident angle by Hazama of the signal 
peak corresponding to the relative shift from the 2nd data page to the 4th data page. 

[0050] For example, it is more possible to encode the page identification information 145 using a large sign 
symbol rather than being used for the information on the data page 120 or the sensor component 130. Thus, 
also when the mismatching of pixel aim doubling of Hazama of the pixel on which the data page image 120 
was projected, and the sensor component 81 arises, the page identification information 145 can obtain 
projection of a desired page, before performing amendment of pixel aim doubling by making reading 
possible. Generally, page discernment can be read in spite of the mismatching of pixel aim doubling by 
using one to 5 times of the size of the data bit of the data page 1 1 0 for the data bit of the page identification 
information 145. Moreover, the page identification information 145 can also be arranged [ also arranging 
near the data page 120, as shown in drawing 3 , and ] in the data page 120. When carrying out the monitor of 
the page indicator image by the frequency of about 5kHz order, it is desirable to detect page identification 
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information by the frequency of about IkHz order generally. 

[0051] Pixel aim doubling (adjustment) of the projection data pixel of a data page and the sensor component 
81 is attained by another feedback teclmique by this invention. In drawing 3 , the group 170 of the sensor 
component 130 is used as a pixel aim doubling sensor for detecting the pixel aim doubling key (mark) 
memorized by the storage using the same record system characteristic as record of a corresponding data 
page and a corresponding page indicator. Since the pixel aim doubling key 160 is similarly remembered to 
be a corresponding data page and a corresponding indicator, when the images 120 and 1 10 of a data page 
and a page indicator are projected, the image 160 of a key is projected on the pixel aim doubling sensor 170. 
Moreover, these pixel aim doubling keys 160 are in the data pixel in the corresponding projection data page 
120, and a known aim doubling condition. The image 160 of these pixel aim doubling keys realizes 
adjustment of Hazama of the sensor array component 130 and the data pixel in a data page image, and 
makes possible reading of the data contained in it. 

[0052] It is possible to measure the amount of the mismatching of pixel aim doubling based on the 
comparison with the location and sense with which the pixel aim doubling key image projected is detected, 
and the projection location where those images are expected. Consequently, relative revolution of Hazama 
of the data page 120 projected and the sensor component 130 or migration of advancing side by side can be 
performed using the drive combined with a detector 80 or the components of that alien system 1 , and this 
measured mismatching can be compensated, a drive — the width of face of one sensor component 130, or 
height — at least — migration of a quadrant — the thing of resolution, the width of face of the sensor 
component 130 whole, or height for which it has the total displacement range of 1/2 at least is desirable. 
[0053] The example of the technique of performing pixel aim doubling adjustment is explained about the 
enlarged drawing of the pixel aim doubling key 160 on the sensor elements 170 shown in drawing 4 . In 
drawing 4 , in order to simplify explanation, only the amplification part of the detector 80 near the comer 
310 where the projected data image 120 counters is shown. The sensor elements shown with a profile 320 
correspond to the projection location where the image of the pixel aim doubling key pattem 160 to known 
pixel adjustment is expected. 

[0054] According to the pixel aim doubling technique of an example, it activates and the sensor component 
of the sensor elements 1 70 generates the signal based on the detected illuminance. From such a signal, the 
location of the projected key 160 is detected and the location of each core of those keys is presumed. Then, 
the amount of the revolution demanded from a driver (drive) and advancing side by side is determined from 
the distance of Hazama of these presumed projection key cores and ttie core of the projection location 320 
expected of corresponding. 

[0055] Every time drawing 5 removes what is expressed with the profile to which the projection location 
320 it is expected that is the pixel aim doubling key 160 projected corresponds, it corresponds to drawing 4 . 
Reference marks 330 and 340 show the core of these profiles, respectively. The vector 350 which connects 
two cores 330 and 340 is shown, and this expresses the mismatching between the pixels of the projected 
image and the sensor component 130. Moreover, these vectors 350 give the movement magnitude of a 
revolution required to adjust a pixel and the sensor component 130 and advancing side by side. 
[0056] The amount of rotations and the corresponding revolution central point are determined based on both 
vectors 350. It becomes possible to adjust the projected pixel aim doubling key 160 directly on the 
projection location 320 expected by such migration. However, when larger than the image with which the 
detection field of the sensor component 130 was projected, it is also possible to perform migration of the 
revolution and advancing side by side which attain pixel adjustment with the projection pixel aim doubling 
key position obtained as a result which does not correspond to the projection location expected. In such a 
case, the sensor component 130 can have consistency with the substantial nearest pixel that is not the 
location of the data page projection which is projected with the data page 120 and is not necessarily 
expected. Since an APS array has the field in which a discrete address is possible, or a sensor component, 
the data from the data page 120 projected can be read almost independently of where [ on an array ] the data 
page 120 is projected. 

[0057] Thus, according to this invention, pixel aim doubling is attained in a single process by detecting and 
amending mismatching based on the core where the key projected is presumed. Various different 
configurations and the pixel group of pixel pattem arrangement can be included by the pixel aim doubling 
key 160. With this adjustment technique, a plain block is included in this, for example. However, the 
activity of the 2nd process which can tune adjustment of a sensor component and pixel aim doubling finely 
becomes easy by the activity of the pixel aim doubling key pattem which has arrangement of a ** pixel like 
the Berg loop formation which has the bar of the width of face which is different from each other or it is 
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equal, and spacing, a checker, or the sparse checker which has the repeat pattern of the ** pixel surrounded 
by eight dark pixels, and a dark pixel. 

[0058] According to this 2nd adjustment process, a system 1 presumes the difference of the location of the 
projected key image, and the location expected in a precision smaller than the size of the sensor component 
130. This difference corresponds to the pixel mismatching amended by a revolution and amendment 
migration of advancing side by side. For example, the pixel aim doubling key using the Berg loop-formation 
set which contains the bar of the dark pixel of various width of face and spacing for the background of a ** 
pixel can be used with such a technique. When this pixel aim doubling key is projected on the sensor 
component 130, the detection reinforcement of the pixel on which near the edge of a bar is projected is 
measured with the detection reinforcement of the projection pixel in the core of a bar with the backgroimd of 
a key 160. The difference of detection reinforcement based on such a comparison shows the mismatching of 
the bar edge in a precision smaller than the size of the sensor component 130. Then, such mismatching can 
be amended using a drive. 

[0059] Similarly, the sparse checker pattem of the repeat sequence of the ** pixel surrounded by eight dark 
pixels can be used as an aim doubling key 160. Pixel adjustment with such a key is connected with the 
contrast on which Hazama of a dark core and the ring of a bright perimeter is projected. In this case, 
adjustment can be adjusted so that this contrast may be increased or it may maximize substantially. 
[0060] The above-mentioned two-step process for pixel aim doubling is mere instantiation, and it does not 
mean limiting this invention. Instead, it is also possible to also use one of processes separately and to use it 
combining other aim doubling techniques, and to attain the pixel adjustment by this invention, furthermore, 
it is in a data page — it is — it is also possible to adjoin a data page and to also use a single pixel aim 
doubhng key and to use two or more aim doubling keys. It is also possible to use patterns other than the 
above with this invention, and to measxu-e mismatching based on the difference of the location of the key 
projected, and the sense expected and a location. Such sense and a location that are expected can be 
measured by the system 1 based on the detection location of the image of a pixel aim doubling key. 
[0061] The pixel aim doubling key 160, the page identification information 145, and the page indicator 1 10 
offer feedback required for efficient projection and adjustment on a detector 80, in order to read the data 
contained in a desired data page. Furthermore, sensors 83,140 and 170 are CMOS. When mounted as a field 
of an APS array, respectively, it is possible to mount a circuit required to process the signal from these 
sensors to the same semiconductor chip (chip group) as the APS array being included. Thus, it is 
comparatively possible to control projection of the single data page of the request which the integrated 
circuit of low power should read by low cost while reading a data page, and adjustment. Moreover, the 
discrete address possible field or sensor component of an APS array is suitable for especially pixel aim 
doubling using adjustment procedure with the substantial nearest above-mentioned pixel. 
[0062] Although the page indicator 110, the page identification information 145, and the pixel aim doubling 
key 170 were explained as a respectively separate projection image, according to this invention, it is 
possible to combine some functions of these images with the mark of the smaller number. Moreover, it is 
possible to use such a mark in the field which constitutes about 0.1% - 10% of the projection image field 
from a storage 25 irrespective of whether the function is combined or not. The remaining part of a projection 
image field can include data page information. 

[0063] In the example of this invention, as drawing 1 , drawing 2 , and drawing 3 were explained, in order to 
read the data of a desired data page first, the multiplexed system characteristic is changed and a data page is 
projected on a sensor based on the feedback offered by the page indicator sensor. Next, as drawing 3 was 
explained, page identification information is read, when the projected page is not a desired page, only the 
relative amount which exists further changes the multiplexed system characteristic, and a desired page is 
projected. Next, as drawing 4 and drawing 5 were explained, pixel aim doubling is attained using the 
projected pixel aim doubling key and a pixel aim doubling key sensor. 

[0064] Besides the example explained above, various modifications of this invention are possible. For 
example, it is possible to be independent or to use the feedback technique for projecting a page, identifying 
the page number and performing pixel aim doubling in combination other than the above. Moreover, 
although the above-mentioned example uses CCD or a CMOS APS sensor for the detector 80 of drawing 1 , 
it can also use the detector of the type of others which have a discrete address possible sensor component 
etc. according to this invention. 
[0065] 

[Effect of the Invention] As stated above, according to this invention, in a holographic system, it becomes 
possible a high speed and to access efficiently and to read at a data page. 
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Cn^^lZ] tfi^-lr;l/m^-&t)-*^-^MHi-rsx 
■7''y:/t> 

75-^^K)Sii:SX-r -y T'i:?:^ e.lc*-rS£: t^rltmi: 
Cffi^^ 13] < t 1 -?->'i7>v'- 3^ v'^lJ 

«:ic jttr- A*i^tjT«^aig±ic»*ja!Kf s XT" -y y 

iS^ S nfc^O tr -tr ;PM.^^*>-l3!:^-*«l fcb-r S X V" 
•y^iis 

?5-«ri^ib$ -a-S X •r -y y t ^»-r 5 c i: J&!|tm i: -r S , 
^ae^^y-r -y ^E1t'>X'ri.Tx-^'%M*tB-riSt 

40 ^^WLtt^mMmi 2Xtti 3 u^-rn*^i^}^5*o 

en 15] mmfstircVfi^ ■b;l/^a-&t>-<ir^-{Si 

^m^-r^T.'ryZf^lE^iC^L. tSIBi^ll^-arSXx 
•yyii. ^a!l^-rsx-r-y:/TSiJ^«n«^tS-^i,>T 
SI?7Snsci:;gr1^i:-r5»*«l 2X«l SW^-Tti 

[Wsl^S 16] ni^c kr ^> •t:;l/ai-&fc-ti-4^-fic 

^DfeJ;•?•04''L,^tta^^|J^•r?.X•7"•y e.fcWL. 
JO ijfEi^«l5-a:«>X7^>y7^l±. KW^-TSXx-y :/T'¥iM 
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t T^m^m 1 2 xti 1 3 (/^•rn^^iDTjai. 

T w©fes^«5rt<^)i!>4 < i: 1 o©-fe vy-^^-^* 

•fc>'-y-;fe^c,jc:^-rs<ii:^i|#®i:-r5ii^jai 7<io« 
s. 

■fe l^-Y <^»fe 5tglS©«|^<^>-t e. S C 

7 

iSf3fBmf*fcfeii^n?c>hfjss-r.5 tf i^-fe;i/^s^^-a: 



(3) 1 0-9 7 7 9 2 

4 

^ta^cb^^mt-r^m^z 2xt±2 st/^-rnsb^cD 

Sid fC'^-S^'-Y ve/'-i— ^fft^ H3fBfBS<S(*±tfB» 

20 m^m 2 6 ] tuiBig i^^zsmz oibs^x -y :/{± 
a^mz 5<DiB«$K{4c. 
[0 0 0 n 

[0 0 0 2] 

^J^C1i->X7^At4. fie3l5«[^v^-fX^iBtg->X-7^A^a 

50 V^^^ FT^-fXi^K^tbL^ffly*'; (CD-ROM) 

[0 0 0 3] *nyvA-'^^f-Vt4-)SfC. 2-p<D)te 

m^)l£t±. m^gf-fXyU-^ (LCD (liquid crystal 
display)) Xi^ U-X^i-p^^^TtSEiSgl (SLM(s 
patial light modulator)) tU— 1f)t%2jSffl4-5C 
i:tcj:oTjgfiK$nsc:2:3b^^(,>o LCDX^U-v 
tt. fBfi«-ti-S'<#'r-Ci^;S';l/v^-^ft0 2:^7ai®ti:^* 

cDx^y-v*^t,sscW^ns^— y'jtm^ii, i^^x 

[0 0 0 4] ^^a^^j^^^^-t^^mtl.rf^-y'lf 
50 jU^-ft^rflefflfS-^X-rATti, #B8tr-Att. 
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cl-rciiJCit). m^Site-g-lg? (CCD(charged-coupl 
ed device)) -5 ^JtSiaiZ U-l'±lClgx-^J^31<75 

[0 0 0 5] f?;S6<J*CCD7W^^^ SK^nfc-r- 

(•t>'+>-^^) OTW^-^tfo cc-p. 

;V:^cri7'-77-f >;;i7;^^yiC0V»T— iSWtcli. D. Psa 
It is and F. Mok, 'Holographic Memories', Scientifi 
c American, pp. 70-76 (1 9 9 5^P1 1 K:E«$n 

c 0 0 0 6 ] *a y^:7 -< i'fEitJgtt©«aofg«efc 

CO 00 7] 

m^m-rmc »±. ^- s^^iait-r s fci6 ics v^fc 

<0/l^*M cmT. A<Dft6<0. 00 1° "T* 

t)-6*52X 1 O-Sradi^tt-rnfce^. SKSnSx- 

[0 0 0 8] S^fpts ^^•^^Oflfi'DS^^. 
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[0 0 0 9] C:tl*T»&?nTV>5'>X-rA 
[0 0 10] iSmtUT. *o-J^77-< 

[001 1 ] 

[||®%»8fe-r5fci&<?)¥®] 2ti:^a, Jj-^a^^^^-f 

■y ij i'XT^i.tcfctt 5frM*7 - K>"C.y t^£D^ 

^- -li: S <1 * 5 v-X 7^ AgPp^K 

-r^chf^T^^o x-5"^-v'ti. ^f?|J^g^4^^^^:«i 
[0 0 12] ?^i£;-rsx-^»-<->?rtK:SS 

[0 0 13] i/-r>'v''5r— ^^j;t>--r-if'^—:^'7? 

50 -i^mtimiiis§ics^f£n^t^^^^-ry^-y^'^-yi' 
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coo 1 4] mesn^^~i^-f>"^^~^(o-\-^i&m 

[0 0 1 5] ■lr>-9-^t-r-5"^—:^#lcfeltSx- 

coo 1 6] '^-2^^iJ^*t::i5JLigEgiJ1fffi«rSI*itb 

<me.©-fe>-9-t^— ©CMOStgfibkf^'-t^HrV 
•9- (AP S (active pixel sensor)) ^^mt^(D-h^^ 
fflT-feSo APST'Wli. «lt;'3L*^<^JSi:-(i"r. Jt 

^m^t'^o Sfc. APSy'WtifflS'JT'Kl^XpItg* 

tt^ C C D Z W Olt&J; !? t-SJfcSjSt^ff 

CO 0 1 7] 

X^g^JC-rS. fT?li}gSC*ifJc«B 
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«Oiffia^«T^-l*-Ttr-y h^»3^ (BER) ^ii;^?-^ 
CO 0 1 8] *^Bgt4. ?*jS-rS-r-^?^-v?®rttcfe 

fi) *^ iKffiS±<0*f*S-rSS^«tl5-r-^''^->;cD 

ij-ft^i-^j^y^rxji (SNR) Ta^^nTV'aci::^ 

Co 0 1 9] Jg^-r-^''^-v'*M^Ji«t5«DtcM*ffn 
S+i)^* SNR S -5 Jb>®!pj^a. -tr Vlt-H^fStt 

20 j«{*:cD^f't'yi3<tr>*^(^)ft6tD->x-rixO!|tttli:tS#L. 
^tUSSs fetia«**:v ^iIg3B5t,Ma:^<?3fficO->XxA©g|5 

^e.tc. a^x-^'-^— >*fc5tLT+^55:SNRj!)'«« 
^■©flfiiD5xX'r2»©#ttk:S-:5<Rrtgtt*^«»?x cnt 

* y ->X-7^A©fflODgPp^fc^5fEtiJ«^^CDti5<fKl^^ 

ffl?n55^X7^L.1#ttJcfeS-:5l/-'Tl->5o 
Co 0 2 0] coji'^lc, *%B^»£:j;ntf||«fe4'tc. 12 

(^Sffc) f 5®»ct.i:fci:mt-'enfc->X7^A/^^;>< 

•r**3-& SNR T'S^s nTi> 5 c i: ^g^-r HS^^^ai 

fcfS<^->X-ri»gUSlca«2n5o COJ;-5tLT. * 

JO CO 0 2 1 ] ssg$ns-r-^"^->^»>c?* 
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•r« i: -5 £1 a*i^Mi&^fS 

i\ 0 1 05h a ^7 7 -c -y 1^ ^ y 

[0 0 2 2] ^fc. 7'—$'^-iy^i:lf^—iy^iyzy'y 

S. i/y h5^ay-77-<l±, "1995 OSA Conf. on Optic 
al Computing", OSA Technical Digest Series, vol.1 
0. pp. 219-221 (1995)lCi¥ffltCf2^^nTt,^S„ C(Dii 
d*->X-5^ATH±. IB^^cfflv^e,n5v'XxA-'^^;<- 

(PCMH(Pliase Correlation Multiplexing Holqgr 
aphy)) if^O. <ltlli?KH#ffFai^O 8/4 3 5. 
7 0 S^tcfH^StlTV^S. PCMHli. a^fSffi^ 

>'^ESiJ-r5fci6«0i'X7"A/^^>< — Lf s 
^•y^*^0«*)t3U:. IBiSj««ci:Jfeif-AO«5*{stH* 

CO 0 2 3] e/X-r^A 1 lCfeV->T. A:^J)tlf— A5 (— 

(Sic. 'p^< ti>§{i^m^l±^mW) l±#Mt--Ai:L 

•yXi Ofc<i;tf 2 5fci;!3*ai^'^7-f •y}'fBtgj«**c2 

fc L i N b 03:&if<D. Tfelt^etiJc^LfcWif^ffl^i: 
■rSC: tA'oiHgT'feS, Ix^Xl 0i3J;tf 2 Ol±4 FE 

BKSTi^n, ?t*S-rs#Bgif-A»;&««:2 5±tc^ 
•rSo e-A^<^)«*i±l^:/Xi 043J:tf2 0<D^E 

CO 0 2 4] ^2 0A*lf-A3 Oli. 

(S LM(spatial I ight modulator)) 3 StCJCoT^ 

Tc* fc« 2 v%^tr L c D xi' y — i/fc -r 



(6) #Bg¥ 1 0-97 7 92 

3 9<0#t±x— ^r^— >^®3 7®i1.{a!lti:0S^$tlTl-'« 

CO 0 2 53 S LM3 5*>t))!jtai*tlSy£^^l±UvX 

4 0. 4 S^XXSSOlC^-oX^mtEtl. mi^Z 51CX 

*fr5e^tr-A5 cnfc?*j£;LT. ^ 

>X6 0. 6 5feit;7 O^^&^Slx-^XW-tr-y ht±. 
CO 0 2 6] fB1t<«{*2 5tcfflS%S-r-^'--^-'>*^^ 

iB«<s(* 2 5 tcji^f LT tBs* s xmn (ornm e- a^^ 
#-fe;]/^fflo^T. mM«)AS#^®#Mtr-A*^-rs 

C002 7] l^>'X40s 4 5 33<fctf 5 0*^e.:&5l^> 
X-t-y hfeJit/l^vXe 0. 6 543J:CJ7 O;!)^?,;^^^ 
V-X-fe-y ftilz-'-mfe 4 FffiBfcfBA^nSo C<DJ; -5 IC 

- y x^*'5d-xci i^'^ A urmu^ 2 5 tcte^^ t 

30 «Sffigg8 0JCt±|f«|fiE?nT^SnS„ 4 F 

-:S?/^^ — VX^'U — V (S LM) 3 5tl^>X4 0® 
F^PS«U'>'X4 0OM^S»i^L<, U>X7 0 

aigS8o©MPgt±u>X7 ooiwsEf8ic§L<. 

-rSl'VXJt (45^50. *3j;t;6 0 t 6 5) CDl^V 
XK^OF^filli:. l^vXjI^tD^^vXiO^^fSoaT'* 

Co 0 2 8] 7-i;x^^(7)i^ffltCj;!3, 7^-:$?^— 

i:oT2tcSW7»l±*V'>, Ui/X-fe-yf4 0. 4 543.felf 

5 OTb^t, 1 |@®ixvX^^BS-r5<lfclCj;t). m.W2S 
Ic43tt57— yj^^ttS LM3 5lCj;-pT4fiK?tl?) 
2:^7r7'-a''^-5^-eBI?g|A"t,nSo <10<J:-5*ai^ 
li::^l,->T> U'VX-fe-y h 6 0. 6 5:^*157 07b^e.J^jS 

■r;sni£DU:/X^«BS-r5<:t»cj:»3> «iaifg8 0tc 
n»fs 7^-^''<->?»i±s ?fm.<r)=r-^^-'^y*--^ 

■y h ^^ig^Hlig 8 Olca^ insist). i^^fr2 StciottS 

50 i'k7it.rcit2^A7t<o'f-^Tu-{. y—v:r.^mm 
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[0 0 2 9] ^^—-J^WM't^(r)\c'p'^< ti> 1 oto 

^b^RTfter^^^o M^bT. EiiJ«ft2 5*W^l cm<D 
:i--:$^-Tfet)#H9tr-Aifi^S:6^S55 0 0 nmT*^§® 
mtfSfflcDsync-nullKPS (ttffiS'&HRi) ^Srfe 

[0 0 3 0] fE^i0fc:a6^0Al^ft*^fk^'^Sg*B^i^j 

So ^e>tC. PCMH^O^-a-. ffi*avX^^fH«m2 

5 iOffljt^^itM bTS:^ S *>tD;&^^ffi'r S c ^ cl: 19 . 

^•^—Vm^ 1 0 m<Oi^-^-<^^m^^^^^}l 

[00 3 1] SSfe-r^tJ-^^^tBLft^tC. #.^lf-A5 
^mf§8 0te:T'~i$7^->?^;SrJS:Bf S/ci6^iHgffl 

•rAti. E 1 t^^-VX-r A 1 SLM3 5. UvX4 

0. 4 5:feci;aF5 O. :S:e,m£:A«t:-i^3 O^^^BS-r 
SC^tci-3 Tl!it^S<l^;^)^T*^So S^ff'tc. i®t4c 

tOJz-p^^^-^'y^^'il^tt/^^^-^^. -jSJCO. 0 1 

[0 0 3 2] S^ff'Jilx i^XT^AUi. 

V>^>5r--^? 3 9 ^0}g^(7)H;^<^|f±l*r S C ^ J: S:7 ^ 

Slfflgg 8 0 <k SM^ffi t? S N R «rff bT l>S 
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ti8«iSW^i&«r«»*W(c*i{8-r S c ?b^T* So 

[0 0 3 3] :^^m(D-mmiic^tiii. mmmmcy' 

tc^i:fei:{gffl^nfc>'Xxi^>'^^p^-^?;&. ^n^'n 
^Ox--^?^->?«rlB!irsoU:ffli^:rc9BHk:-Srrs«5 

CT^if 1 0- <^)SEHtct>/coTfBg$nfcii^. I^Cl 

0- tDjeH^s^^tcfiefflrso s^Et'tc. #ssif-i. 

12O;b^^n^n03 ic^T^^K^- 
fc^->^^vv^^-^f«i 1 0©aica-:5<{i^;&^^ 

20 ^So 

[0 0 3 4] M^LT. ^-Sz-Ov^^-^J^-feVltB 3 
(DJEMit^t^tcmtim^ 2 0 0^^2 tC^-To 2 0 

ot±. *fiSfi^jcD!ats«f*2 5jc5s-rs#fi8tr-ixAiKfft 

Tt/^So ^>c. 02frC43V^T^ -bvy-S 3«^*a3*fi5J^0^. 
Sl\Bg0^t±. fi^2 0 OtDtr— ^ 2 0 Sf^afiT^l^TV^ 
So cnti. #.^lf-AA«t^2 2" .2 4^ ^^U2 

i^^-^'^fBg*rscD^cfls^.^fc:#Me-AAi^^^c3^is 
•rso 

[0 0 3 5] zyT.'rL.tfK ftS2 2 " . 2 4" ^^U2 

^-i^-f Vv^^^r-^-irV-9-8 3^Mtif*rs^->^>r 
vs^^r-^«om'rs3SS:^jM6T'rSo c^OJ:^*^ 
S^OfgTti. 02t?Dtg«2 1 0tc:r3ttSfi^tc^^nS 
ct-ptc. ®^2 0 0iO:;^€^<D|BI^i7)fgT^?[^gc: 

40 ^-iy^>z^^—i^^>Vm^2 0 0<Dmi^2 2 0\Z^ 

So 

[0 0 3 6] V>^>>--:$f(Dii5Sa*^b^t/>ffi^ 

i^oe^s^^^^^^^a-rsc^^CcfcoT. -fev-y-^-f 8 i 

(/^fit^^3 7?li«JiBl2 3 OTS^fo <1^LT. y^-^^ 
5(? ^■rs<:i::6^"e^So 
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(1) #Mtr-AA«^%mMOx-a"<— :^t3trs 

[0037] -7^ ^S?ttteS-:?< i SUSS 

v^fwSEH (mifi 0- io*-^''-) ict>rc^T. mm 

•5J;^*->X7^AT-l±. x-7^-;/:/-9-'i'Xi4mtf 1 0-5 

So 

[0 0 3 8] ^StC. ®«fO{l^tf-i^J&^::i^»LT, 

S N R LTi.-'S i: ^^ifsJS-r 5 c i: A^RTsgT'S 
5o $fc. (1^2 0 0^. SSEv'Xt"/*-'^^;*— 

J: -5 t-r a <i jb^ nr*g-PS So 

[0 0 3 9] 01 CD 5^X7^ A 1 -ea; v?^'VS/^— 
^^•fe>•9■8 3:}3J;t>*-fe>-9-7H'8 1 tcgiRfD-bV-tf^ 

^-rs-fev-y^rfflt^T. is:iKi:^mi§8ooK©^s^ 

lis T^-^'^-v'l 2 0;&g!^lJ5fc46»c-bV+?-^^ 1 
3 0 \Ci^m ^ J; •? fcfgl/^ S N R T-'^- v'-Y Vv'-ir- 

\ 1 o©«iHi:&siffrs<DtfeW5at?*So 

[0 0 4 0] ^—-J^-yi/^—^m \ 1 Oli:. ■r' 

2 0 43j;tf*fiS-r5-fe>-9-^l 3 01C 

— i'l'i/v'y— 1 1 Ott. 10—1 0 0^O:t— 

1 1 o^:^f?<-r*Sifx :^tDj^*^-b>+)-8 3JcS» 
^ta brm-r :& :7 w - k^^ «;/ i' *ffi«-r s c }i 

So 



(8) 1tBfl¥ 1 0-9 7 7 9 2 

14 

[004 1] Sfc. ^SSUlcr K^XartE3S:«iS«:*-r5 
8 343*lff'-^»'<— S^-feVIJ-r W 8 1 Ki^mt^C 

c c D 7 i^'i' T'S^^ * 3 \cm^o:)7\^^±w^n 

[0 0 4 2] gij£0|ISSPT*ax '^—✓''f >v''^-^'®5& 

vX^rilSfEti^t*: 2 5 V x^^omf 
a^7t«nfc-r-^»'^-S^tSfc*»J. — 5^. 4 PESO 

[0 0 4 3] cn^<0'f—-$'^—i^i3XZf^'^^—zy-< 
mg§8 0®-bv9-7W'\i:S*f-r5i:i:fclc. 

So 

[0 0 4 4] C<^>J;^>C'^— i^-Ov^-y— 
«>teffiffl-r5c:i:Jcj:t). EttjKf*2 5 ©e^^ffiifflctt 
^SiJ^*^T-^So C3LT> fRI^tf. -r-^r-^-v^^^ 
.fBMi-rSfci6lciB«<®«: 2 5 t#B8tr-A 5 Oimo^WH 

40 v''\C0y'^'-feX*il3K-rs<li:*^t?€S. 2^ 

5*JSLT. SNR^%#L. lSV^|HIST^»^%^•r S d 
[0 0 4 5] e:<oj;-5fcLT. '^-e^'O'v?'^— ^f^ra 

s . tag?^ ns J; ^ s*^^*: 2 5 <omi{m 
50 ■fei'+J-s 3tcj;oTeittJsn*t?n{f*e.*t/^o b*^ 
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[0 0 4 6] «^Hlgg8 0 Lri£«-rscDJc#?iift:^$ 

(A PS (active pixel sensor)) TU-f mpLi£ 
CMOS APSy'W) :^)^SSo CMOS A P S 7 

AP szwtiffiaxhTsiiSRrigT^fet?. -sj 

>-9-rwtc^oTma;?ns®:^cDi %) . ^iar^c 
cDTu^^^i,mi^itm^^mt^o apsic 
J: o r^^'sn^mnm^^im.T^ c m o s ihiki± a 

P S T W ^ |pI i: C M O S ^ T'ililgEB'r S C ^ pI 
€So ^e^tC, APSTU-ftifflgiJy'KUXRltg^&'tV 

5o Sfc. CMOS AP S-feV9-OffifflJcJ: t), ^- 

loo 4 71 m&r*l±. mmmmff^S fimX5 fimfj^i^ 
200/xmX200/x m^TcOit--^?*— V^"^^^ 
5 CMOS APS «^aj§g«:SBtt-S C t t!)^ RTSgt? 
fe^o ^e>tc. CMOS APSMfcBSti, ^ 

i.Mb i t STcoitffi^^-rs-r-t^'-^-v^^M^m-r 

i:^^orBgTS§o CMOS APS^^ffiggti, A. Dicki 
nson et al., "Standard CMOS Active Pixel Image Sen 
sors for Multimedia Applications". Sixteenth Confe 
rence on Advanced Research in VLSI. pp. 214-224 (Ch 
apel Hill, N. Carolina. March 27-29. 1995) (cpjg^c 

[0 0 4 8] mim(OCUOS APSTW«^ffiS8 

ocDmrn^ms^c^-to arm. ^HsyrKuxRitg-fev 
3 ofjf^c,^^'^y^vm'^m(rtmi(o^—>^^>zj^^-^ 

Tl-^So IrI^^c. Wl(0-\zzyV-m^ 1 3 0?b>e>:a:S-lr V9- 
1 1 0 i:. nJtsT^y'-'^-^-iym 1 2 0 t± 
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•rs^-i^^>^>^^r-^r»i 1 0<J:t):*:^l.>«glgE«:®d 
•fevit^^i 3 op*fc«:^— toitlKW^^i/^-fe^i?-* 

?SfitT^<l^*^a*H.^o M^tfx 3 0X3 0t3D-lzV1t 
1 3 Oaf«:ffll^T. -fiSJC 2 0X2 0<3D-b 

>^-<v>^>>-— ^f^i 1 o^^^a^rsc 

— 2 0*M^8{S:rca6lc-tr>'it^^ 1 3 01c: 
<^ffl^n§ cfc ^><gl^ S N R T^->?^ Vv^^r-^^lft 1 
JO 1 0i0^a^*fT*r5<l^:^)^Rltg"t^$§o 

[0 0 4 9] ©SItefPl 4 Ort^O:a-:;^->a>cO-fc:V9-Sf 

>?^ve^y-tS?ffffia:llH^tc^a{t:^nTfB1t^n. ^ 
;^J;t)lSt^^3SgcD^~>?>f v>^>5r--i$7 1 1 OTb'^^Kffi^n 

;S:fe<}:^cOg{kt±. •r-^^->?4£0^*^e^^n5^ 
■5lc^$nSo SSt/Hi. m2co-r-^^~>?;&^e>^ 
4(^)'r-^^^->?*T*<Dffl^*S/:7 htcSf^K-rsM^fc!- 

[0 0 5 0] "r-^^—i^l 2 0 ^fcti-tr ^If 

3 0eDlf«Jc:fflv^e>n§J;D±^V'^?9F^->V5l?;l/ 

TfeSc COct-pJcbT^ -r-^-^-v^^l 2 OtDS^ 
$nfct!^^-fe;l/^-feV'9-^^8 1 cOKcDtf^-fe^l/^S-g- 

^•^tD:T^M^;b^^i;fc®'&tC»^. ^_,:;?|g^,j^f$gl 4 5 

^Olf^Xomtf l-5^^-s-v^igJgrJtf$Bl 4 5t07=^ 

<^^S#Jcfc*>A>^e»-r-^-i^^grj;g:^^BjS<: ^;b^T* 
^So Sfc.^-v^lEgtjlf^l 4 5t±. ^3tC^^n5 
J^-J^c-r— 2 0^?:)^^ig^cffiMt'^ca:^>. 7^ 
-^f^— e^^l 2 OrtJciBMf SC^fepTHTfeSo ^— 
v^-Y l/i^^-^m^m 5 K H z cO;a--^f-(3D«fiT^- 
^J^-r^^^tcti. -SStc-v-yigggfJIf^:^:*^! KHztO 

50 [0 0 5 1] -r-^^— i^iOSKx-*lfi7-b;l/^-lrv 
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[0 0 5 2] $S:^^nstf^7 4r;l/RS'&^^4^~®o:^ 
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^4^(oi (Di^m^mmt. -^zy^m"? 1 3 o^^*:^o© 
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[0 0 5 8] cico^2c0^-a':/a-fextc.}:titf. i/X-r 

M*. -bvy-^? 1 3 0tO'9--<X<}:D/jN^l^3ffiS"e«l^ 
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